• Outcome variables were dichotomized and the results are presented as relative risks with 95% confidence interval.
RESULTS
• The questionnaire was returned from 452 (92%) of 491 identified patients. Up to 30% reported problems with the physiological emptying process of stool (bowel movement, sensory rectal function, awareness of need for defecation, motoric rectal and anal function, straining ability).
• A sense of decreased straining capacity was reported by 20% of the men and women with non-continent urostomy and 14% and 8% of those with continent reservoirs and orthotopic neobladders, respectively.
CONCLUSIONS
• Of the cystectomized individuals 30% reported problems with the physiological emptying process of stool (bowel movement, sensory rectal function, awareness of need for defecation, motoric rectal and anal function, straining ability).
• Those wanting to improve the situation for bladder cancer survivors may consider communicating before surgery the possibility of stool-emptying problems, and asking about them after surgery. What's known on the subject? and What does the study add? Functional gastrointestinal symptoms and problems are common after radical cystectomy with urinary diversion. This study adds new important epidemiological data on this group of symptoms.
OBJECTIVE
• To describe and compare long-term defecation disturbances in patients who had undergone a cystectomy due to urinary bladder cancer with non-continent urostomies, continent reservoirs and orthotopic neobladder urinary diversions.
PATIENTS AND METHODS
• During their follow-up we attempted to contact all men and women aged 30-80 years who had undergone cystectomy and urinary diversion at seven Swedish hospitals.
• During a qualitative phase we identified defecation disturbances as a distressful symptom and included this item in a studyspecific questionnaire together with freehand comments. The patients completed the questionnaire at home.
INTRODUCTION
Functional gastrointestinal problems are common after pelvic surgery [1] [2] [3] . Cystectomy is a major surgical procedure carried out to spare life for individuals with advanced urinary bladder cancer. The cystectomized individual is prepared for a new life situation managing the urinary diversion but often is not prepared for the risk of disturbed or changed bowel function. A disturbed bowel function can be a practical as well as a social problem which may affect an individual's daily life. The occurrence of disturbed bowel function results in distress [2, 4] .
During cystectomy the entire bladder is removed, and it is recommended that this is combined with lymph node resection (lymphadenectomy) as well as nearby organs possibly containing cancer cells [5] . Parts of the intestines are used to create a urinary diversion. In the 1950s Bricker [6] constructed a conduit (non-continent urostomy) with 1 9 7 15 cm of the patient's intestine with the inner part connected to the ureters and the outer part to the skin where the urine was collected in a collecting bag. Another technique was invented (continent reservoir) in order to avoid the need for a visible external appliance using 50-60 cm of the patient's intestine for the reservoir [7] . A third method is the orthotopic neobladder where the reservoir is connected to the patient's spared urethra. The orthotopic neobladder empties by abdominal straining. All three urinary diversions are used in Sweden.
The normal bowel function is dependent on several factors [8] . Food and fluid intake, daily activities, age, stress and anxiousness are examples of factors affecting defecation regularity. Factors disturbing the defecation procedure are supportive tissue, previous pelvic surgery affecting anatomy and physiology [9, 10] and metabolic disturbances [4, 11, 12] .
Qualitative information (open-ended questions) from a prior study (not published) indicates increased difficulties initiating the defecation procedure among the cystectomized individuals compared to a background population. We attempted to identify the bowel and intestinal problems in cystectomized individuals with different urinary diversions after urinary bladder cancer.
SUBJECTS AND METHOD

STUDY POPULATION
In all, 520 patients between 30 and 80 years of age who had been cystectomized due to bladder cancer more than one year preceding the start of the study in February 2005 were identified at seven Swedish hospitals. Exclusion criteria were death between registration and the study start, emigration, and difficulties with the Swedish language ( Table 1) . The characteristics of the study population are presented in Table 2 . The Regional Ethical Review Board at the Karolinska Institute approved this study.
Initially, an introductory letter explaining the objectives of the study and an invitation to participate was sent to the study population. One week later a research assistant telephoned the study persons further informing and explaining the study objectives, asking for their participation. If a patient declined participation, no further contact was attempted. On acceptance to consider participation, the study-specific questionnaire was sent by mail. If the patient did not return the questionnaire within two weeks, a research assistant reminded him or her by telephone. The questionnaires were coded for identification.
QUESTIONNAIRE
The questionnaire was developed on the basis of successive in-depth interviews with 10 cystectomized and urinary diverted patients and was designed to assess defecation and bowel function after cystectomy for advanced bladder cancer. The questionnaire assessed (when appropriate) the characteristics of the symptom (incidence, nature, intensity and duration). Answering scales gave, for example, person-incidence, person-prevalence or person-intensity. An example of questions in the questionnaire is: 'How often did you have uncontrolled flatulence (fart) during the previous year ?' The answering categories (person-incidence, incidence in the individual) were 'never', 'seldom', 'at least every month', 'at least every week' and 'at least every day' . For many symptoms we in addition had a bother question: 'If you were to spend the rest of your life with uncontrolled flatulence as in the preceding year, how would you feel about that?' with answer categories 'Not appropriate -I do not have uncontrolled flatulence', 'It would not bother me at all', 'It would bother me little', 'It would bother me moderately' and 'It would bother me a lot' .
We validated the questionnaire face to face with 20 cystectomized individuals (an investigator accompanied these men and woman when they answered the questionnaire, observing whether or not the questions were understood as intended); thereafter the questionnaire was tested in a preparatory study on another 21 cystectomized individuals. This method has been tested and used within the group of Clinical Cancer Epidemiology in previous investigations, as documented in more than 70 articles, including approximately 10 000 individuals [2, [13] [14] [15] [16] [17] .
Historical Control
For the interested reader we have provided comparable data from four other studies with similar questions conducted in the Clinical Cancer Epidemiology team and shown in a column in Table 2 as 'historical population controls' [2, 18] (two of the data collections have not been published yet). STATISTICAL ANALYSIS EpiData 3.02 (EpiData Association, Odense, Denmark) was used for the entering of patient data. We employed the statistical program SPSS 18.0 (SPSS Inc., Chicago, IL, USA) for the statistical analyses. Outcome variables were dichotomized and the results in Table 3 are presented as relative risks calculated by taking the percentage of subjects with outcome (e.g. having had uncontrolled flatulence) in one category of the independent variable (e.g. noncontinent urostomy) and dividing it by the percentage of subjects with the outcome in another category (e.g. orthotopic neobladder). We adjusted relative risks and associated 95% confidence intervals for background factors using log-binomial modelling (SAS 9.2; SAS Institute Inc. Cary, NC, USA) [19] . 
RESULTS
GROUP CHARACTERISTICS
Completed questionnaires were returned by 452 (92%) of the eligible 491 individuals. In Table 2 we describe the demographics of the 452 individuals providing information and in Fig. 1 reservoir, respectively. Diarrhoea/loose stool is more common in those with continent reservoir and orthotopic neobladder than in those with non-continent urostomy. For constipation, we noted the opposite (Table 2) . Of the 298 patients with diarrhoea or loose stool, 38% were moderately or very bothered by the symptom (Fig. 2) . Of the 180 patients with constipation, 45% were moderately or very bothered (Fig. 2) .
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A sense of decreased straining capacity was reported by 20% of the men and women with non-continent urostomy and 14% and 8% of those with continent reservoirs and orthotopic neobladders, respectively (Table 3) . One patient describes the phenomenon in an open question as follows: 'I had no reflex for the initiation of defecation for 6 months after surgery. Thereafter, I learned to manipulate my breathing and abdominal pressure. In that way I solved the problem. It usually takes about 15 minutes. ' Another patient stated: 'I have noticed that it is more difficult to "squeeze out" the faeces. My feeling is that a "cavity" is left in the abdomen, where the urinary bladder was placed', and another respondent stated 'Despite the fact that the stool is not firm it is difficult to squeeze out, maybe due to a fold on the bowel?', and 'Sometimes the "need-to-empty-stool reflex" is lacking' . Still another stated that 'Sometimes I had to press with my finger in the area around the anus to start the defecation procedure' .
The men and women with urinary diversions also reported an increased emptying frequency due to the feeling of residual faeces after the main toilet session; 23% with noncontinent urostomy, 16% with continent reservoir and 11% with orthotopic neobladder reported this symptom (Table 3) . One patient stated: 'The faeces are expelled slowly resulting in a revisit to the bathroom, emptying stool once again before leaving the house' .
FAECAL URGENCY
Of all 452 patients 206 (46%) reported defecation urgency (Table 2) . A quarter of the 206 patients with defecation urgency (24%) reported urgency in more than half of the emptying occasions ( (Fig. 2) .
FLATULENCE
Uncontrolled flatulence is a symptom occurring at least every month in almost onethird (30%) of the studied cystectomized patients. There is no statistically significant difference in the relative risk between the three urinary diversion methods. The loudness of the flatulence is self-assessed by the Flatulence incontinence is reported as not very noisy in 288 (68%) and moderately or very noisy in 136 (32%) respondents of the 424 who reported the symptom. Thirty-three per cent of those affected reported moderate or much bother by the symptom (Fig. 2) .
ABDOMINAL PAIN
Sixteen per cent of the 452 cystectomized and urinary diversion patients reported abdominal pain occurring at least every month. The symptom abdominal pain is described in different ways to the open-ended question, e.g. 'As bellyache once every now and thennegligible' to 'From the day I was discharged from the hospital, I have suffered from pain after defecation, an unbearable burning pain sensation. The post-surgical gastrointestinal pain was a bagatelle by comparison. ' There were no statistical differences in symptom incidence between the different urinary diversion groups (Table 3) . Moderate or much bother from abdominal pain was reported by half of those with non-continent urostomy or continent reservoir compared to 27% of those with orthotopic neobladder (Fig. 2) .
PHARMACOLOGICAL TREATMENT
Four patients reported pharmacological treatment with cholestyramine, three of those with an orthotopic neobladder and one with a continent reservoir. Treatment with loperamide hydrochloride and dimeticone was reported by 10 patients, five with noncontinent urostomy, one with continent reservoir and four with orthotopic neobladder. Twenty-four patients reported treatment with laxatives, 16 with non-continent urostomy, three with continent reservoir and five with an orthotopic neobladder.
OVERALL BOTHER
Out of 241 patients (53%) reporting symptoms from the gastrointestinal tract, 41% (99 patients) experienced moderate or much bother, 47% in the non-continent urostomy group, 40% in the continent reservoir group and 36% in the orthotopic neobladder group (Fig. 2) .
DISCUSSION
In all, 30% of the cystectomized subjects we investigated reported problems with the physiological emptying process of stool (bowel movement, sensory rectal function, awareness of need for defecation, motoric rectal and anal function, straining ability). The cystectomized individuals also reported problems sensing and controlling the rectum leading to a sense of decreased stool evacuation capacity, difficulties in the initiation of the emptying reflex and decreased straining capacity. Increased defecation frequency, urgency, leakage, soiling and flatulence also occur among these patients.
A moderate or severe lack of rectal sensation possibly resulting in difficulties of defecation initiation through straining was reported by 14% of the cystectomized subjects providing information. A moderate or severe feeling of incomplete emptying causing a feeling of residual faeces after defecation was reported by 17%. It is reasonable to believe that this could be caused by sensory and motor disturbance due to iatrogenic tissue/neural damage. However, there is a statistically significant difference between the different urinary diversions opening a discussion on other explanations. A quarter (23%) of the patients with non-continent urostomy compared to a tenth (11%) of those with an orthotopic neobladder reported a feeling of residual faeces. Possible this side-effect occurs secondary to tissue damage during the removal of the urinary bladder and not during the urinary diversion part. During the cystectomy the surgeon might perform a more exact and thorough dissection in patients receiving a continent reservoir or orthotopic neobladder than in patients receiving a non-continent diversion. The placement of the reconstructed organ demands carefully handled tissues. One patient with non-continent urostomy described the feeling of a fold in the outlet of the bowel causing a decreased emptying capacity. The reason for this might in fact be a crease of the bowel in patients not receiving an orthotopic neobladder taking up the pelvic space, which in turn holds and supports the remaining bowel in a higher abdominal position than in those with a reservoir or conduit. We can also assume that possible side-effects occurs secondary to tissue damage during the cystectomy or during the reconstruction of the urinary tract. A significantly lower resting and squeeze anal sphincter pressure was measured with anorectal manometry after hysterectomy for early-stage cervical cancer compared to baseline before surgery [20] . We have not found a comparable study on cystectomized subjects.
Stool consistency differs between the compared groups. Patients with orthotopic neobladder reported a higher incidence of loose stool compared to patients with noncontinent urostomy. A reason for this difference between urinary diversions may be that the continent urinary diversions, demanding a more extensive use of bowel, result in lower resorption abilities, e.g. bile acids [21, 22] , which in turn might cause a softer consistency of the intestinal content. Furthermore, the orthotopic neobladder group emptied the stool more often. Thorstenson et al . [12] found daily diarrhoea in a quarter of 28 patients with an orthotopic neobladder ( n = 25) and Kock ileal reservoir ( n = 3) and a combination of diarrhoea and urgency in a third (31%) of the patients. The enterohepatic circulation of bile salt with orally given radioactive doses was examined with a gamma camera after gastrointestinal emptying. These authors concluded that some bowel disorders may be explained by bile salt malabsorption, and this may be relieved by treatment with cholestyramine. Only four patients in our study reported taking cholestyramine; all of them found it beneficial.
HYPOTHESIS -EMPTYING TECHNIQUE
The urinary voiding process in patients with orthotopic neobladders includes straining and often a sitting position leading to a natural stool-emptying process as a result of the increased abdominal pressure [8] . This could be explanation for the difference regarding the stool emptying frequencies between the groups. Abdominal pain was reported to occur at least every month in 16% of all the 452 patients (18% of urostomy patients, 16% of continent reservoir patients and 14% of orthotopic neobladder patients). The intensity of abdominal pain differs from almost negligible to unbearable. Of those with noncontinent urostomy, continent reservoir and orthotopic neobladder who reported abdominal pain, 50%, 45% and 27%, respectively, were bothered moderately or very much by the symptom. We do not know the reason for the abdominal pain in our patients but this symptom occurs after major abdominal surgery [28] .
Intuitively, there is no problem understanding that rectal problems might arise after major urological pelvic surgery such as cystectomy with urinary tract reconstruction, as they do after other pelvic surgical procedures [23] [24] [25] . The colorectal physiology is complex and includes many different stages of the stool evacuation process [26] . More systematic research is needed for this to be discussed and handled during urological postoperative controls.
The compared diversion groups differ in age; however, adjusting for this difference changes the relative risk to a small degree. A major difference inducing bias is the difference in surgical technique between the cystectomized individuals. The surgical technique in a cystectomy with noncontinent urostomy usually takes less time, less effort and uses the shortest bowel segment. This results in less surgical trauma to the patient, and therefore non-continent urostomy is the preferred method for patients with poorer physical condition. The surgical technique in a cystectomy with more complex continent urinary diversions, such as orthotopic neobladder substitution, increases the ambition to understand the pelvic innervations of different systems resulting in a meticulous surgical technique, e.g. the preservation of erectile function [27] . This could influence the differences in the rectal sensitivity variables, i.e. the sense of straining capacity and sense of residual faeces, seen in our data.
In earlier studies with the same study design and technique by Henningsohn et al. [2] , comparing patients with continent cutaneous reservoirs and non-continent urostomies (conduits) with baseline data from a matched control group from the general population, faecal leakage and incontinence were significantly increased. Faecal leakage was reported in five of 304 individuals (2%) from the control population, four of 53 (8%) from the reservoir group and 15 of 53 (9%) in the conduit group. The incidence of faecal leakage was comparable with our results and statistically significantly increased compared to the control population with relative risks of 6.2 (95% CI 2.4-16.0) and 4.2 (95% CI 1.3-14.1) for faecal leakage in patients with non-continent urostomy and continent reservoir, respectively. The authors also pointed out the highly distressful nature of these unwanted symptoms, with 49 of 213 patients (23%) who were moderately or substantially distressed.
The participation rate in our population-based investigation was high (92%) and indicates a small or no selection-induced bias in the differences. Although all data are selfassessed and/or self-reported from the patients some bias may arise. Collected data are based on patients' experiences of their symptoms which also can be regarded as a strength. The preceding face validation of this survey item showed that the patients understood and interpreted the question as was intended by the investigators.
CONCLUSION
In all, 30% of the cystectomized individuals reported problems with the physiological emptying process of stool (bowel movement, sensory rectal function, awareness of need for defecation, motoric rectal and anal function, straining ability). The stool-emptying process should be considered in the follow-up of patients who have undergone a cystectomy as well as during the pre-surgical information about unwanted effects of the surgery.
